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Summary  Tinnitus,  is  one  of  the  leading  symptom  in  neurological  disorders,  particularly  relat-
ing with  diseases  of  the  middle  ear,  blood  vessels  or  the  after  effect  as  a  result  of  exposure
to certain  medications.  The  preliminary  diagnosis  of  tinnitus  is  established  by  subjecting  the
patient to  common  tinnitus  simulated  sounds.  This  helps  to  assess  the  patient’s  perception
of tinnitus  on  a  score  that  helps  in  planning  further  treatments  involved  with  medications  or
advanced  interventions.  The  major  drawback  within  this  widely  accepted  preliminary  diagnosis
technique is  that  of  the  subjugation  of  noise  interference.  Power  line  noise  interferes  with  the
simulated  sounds,  affecting  what  the  patient  perceives  during  the  test.  The  values  obtained
can be  less  accurate,  challenging  precise  diagnosis  and  other  medications/interventions.  Hence
to overcome  this  error,  noise  interference  has  to  be  cut  off  by  making  use  of  the  original  sim-
ulated sound.  The  present  paper  deals  with  instrumental  noise  and  its  separation  by  utilizing
Dhoulath’s  method.  By  incorporating  this  technique,  the  regular  error  prone  test  can  be  made
precise and  perfect  in  the  diagnosis  of  tinnitus  that  makes  a  real  difference  at  the  applied  level.
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innitus  can  be  deﬁned  as  a  hearing  sensation  experienced
n  the  absence  of  an  external  sound  source.  Tinnitus  is
 symptom  of  a  variety  of  health  conditions,  blood  ves-
el  disorders,  and  as  side  effects  from  medications.  The
iagnostic  methods  include  presentation  of  some  common
imulated  tinnitus  sounds  back  to  the  patient  so  as  to  iden-
ify  how  the  patient  perceives  the  sound.  Biomedical  signals
icle under the CC BY-NC-ND license (http://creativecommons.org/
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 of  the  experimental  setup.
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The  block  diagram  of  the  experimental  setup  is  shown  in
Fig.  1.  First  data  is  obtained  as  a  simulated  mixture  by  mixing
both  the  sounds  and  thereafter  frequency-based  separationFigure  1  Block  diagram
aving  low  amplitudes  (in  the  range  of  mV)  can  be  easily
orrupted  by  capacitive  or  inductively  coupled  power-line
oise  (50/60  Hz).  Power-line  noise  from  recording  biomed-
cal  devices  has  been  known  to  introduce  distortion  to
ecorded  signals  and,  as  a  result,  compromise  their  integrity
nd  negatively  affect  their  interpretations.  Power-line  noise
s  characterized  by  a  chronic  sinusoidal  50/60  Hz  element
hich  can  be  observed  in  raw  recordings  of  biomedical  data.
t  is  usually  a  result  of  using  alternating  current  powered
evices.  That  is,  noise  interference  from  the  instrument
s  possible  in  the  test  to  assess  tinnitus  also,  which  can
ake  further  treatment  erratic.  Hence  it  is  essential  to
ompletely  remove  the  noise.
roposed analysis
n  the  present  paper,  the  performance  of  blind  Source  Sep-
ration  method  is  tested  on  a  mixture  of  tinnitus  sound  and
ower  line  noise,  utilizing  Dhoulath’s  method  (Dhoulath’s
ethod,  2016).  The  frequency  of  the  tinnitus  sound  used
or  testing  was  4000  Hz  and  an  artiﬁcial  power-line  noise
f  50  Hz.  We  took  samples  of  different  Tinnitus  sounds  for
esting  purpose.
This  paper  is  organized  as  two  sections.  ‘‘Proposed  anal-
sis’’  section  introduces  the  traditional  approaches.  Also,
t  introduces,  the  efﬁcient  need  for  software  simulations,
merging  need  for  auscultations.  ‘‘Experimental  results’’
ection  presents  the  experimental  results  and  the  user
riendly  approach  that  can  be  modeled  for  physicians  to  a
achine  dependent  solution.
raditional  approach
he  ﬁlters  Butterworth,  Chebyshev  and  bandstop  ﬁlters
ave  many  disadvantages  like  overshoot  and  ringing  in  step
esponse  and  group  delay  errors  (Mewett  et  al.,  2001).  PCA
oes  not  work  well  for  noisy  data  and  is  scale  invariant.  The
MS  algorithm  provides  convergence  and  stability  although
here  is  a  noise  or  error  as  a  result  of  using  approximations
o  the  gradient.  This  paper  proposes  analyzing  Dhoulath’s
ethod,  which  overcomes  the  limitations  of  DUET  Blind
ource  Separation  that  can  be  used  to  remove  most  of  the
oises,  which  interfere  with  biomedical  signals.igure  2  The  mixture  of  power-line  noise  and  tinnitus  sound.
xperimental resultsFigure  3  MATLAB  implementation  of  DUET.
Separation  of  power-line  noise  from  tinnitus  sound  
Figure  4  Separated  tinnitus  sound  from  the  mixture.
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Figure  5  Separated  power-line  noise  from  the  mixture.
is  done.  Artiﬁcial  delayed  mixing  mixed  the  artiﬁcial  power-
line  noise  of  50  Hz  and  the  tinnitus  sound.  Fig.  2  shows  the
amplitude—time  plot  of  the  mixed  sound.  The  mixtures  then
underwent  the  BSS  process  to  separate  individual  signals.
The  entire  algorithm  is  performed  by  a  MATLAB  program,
which  runs  in  a  PC  platform.  It  works  by  taking  a  two-channel
M9
AV  ﬁle  with  one  mixer  per  channel  and  reading  it  or  part
f  it  into  an  array.  It  takes  1024  samples  at  a  time  from  this
rray  and  FFT  for  this  set  of  samples  is  calculated.
The  graphical  user  interface  is  depicted  in  Fig.  3.  The  fol-
owing  parameters  are  used  in  the  preset  analysis  (Dhoulath
eegum  and  Chithraprasad,  2014);  ampliﬁcation  factor,  tim-
ng  factor  and  bit  rate  were  analyzed.  The  basis  of  this
eparation  is  that,  at  any  instant,  one  of  the  data  will  only
e  predominating.  The  extracted  signals  are  written  into
 WAV  ﬁle.  The  program  also  gives  the  plots  of  the  ampli-
ude  difference  and  time-delay  of  the  two  signals.  W-disjoint
rthogonality  principle  is  used  for  successfully  separating
he  tinnitus  sound  and  power-line  noise.  The  separated  tinn-
tus  sound,  as  depicted  in  Fig.  4,  is  now  free  of  noise  and  can
e  used  for  effective  diagnosis.  The  separated  power  line
oise  is  depicted  in  Fig.  5.
onclusion
he  DUET  based  BSS  algorithm  could  effectively  eliminate
ower-line  noise  from  simulated  tinnitus  sounds.  Separa-
ion  of  power-line  noise  from  tinnitus  sound  will  help  to
chieve  an  effective  diagnosis  and  pathological  conclusion.
ince  power-line  noise  is  one  of  the  major  difﬁculties  faced
n  the  biomedical  ﬁeld,  this  method  can  be  further  extended
o  other  medical  ﬁelds  for  eliminating  power-line  noise  from
eartbeat  sounds,  lungs  sounds,  etc.  and  hence  avoid  false
onclusions.
eferences
houlath’s Method, 2016, January. An Investigative Probe into Mor-
tality Rate to Aid Diagnoses. Elsevier.
houlath Beegum, J., Chithraprasad, D., 2014. Separation of heart
murmur ‘‘Aortic Regurgitation sound’’ from sound mixture using
component separation method. Int. J. Adv. Res. Eng. Technol. 5
(September (9)), 17—25.ewett, D.T., Nazeran, H., Reynolds, K.J., 2001. Removing power
line noise from recorded EMG. In: Proc. 23rd Annual International
Conference of the IEEE Engineering in Medicine and Biology Soci-
ety, Istanbul.
